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In the Netherlands the number of TKAs increased from over 
21,000 in 2012 to almost 25,000 in 2016 (LROI 2017). After 
8 years, close to 95% of primary TKAs in the Netherlands are 
still not revised (LROI 2017).
The vast majority of TKA systems are either cruciate retain-
ing (CR) or posterior stabilized (PS) designs. The propor-
tion of PS TKA systems has increased over the years in the 
Netherlands without any scientific explanation. Theoretically, 
in patients with a non-functional posterior cruciate ligament 
(PCL), a PS TKA system has to be used. In patients with a 
functional PCL, the decision on which design should be used 
depends largely on the preference and training of the surgeon 
(Jacobs et al. 2005, van den Boom et al. 2009). In the litera-
ture, there is no consensus regarding the outcome of CR com-
pared with PS TKAs. Several studies showed no differences 
(either for survival, or for functional, clinical, and radiological 
outcome parameters) for CR compared with PS TKA systems 
(Jacobs et al. 2005, Verra et al. 2015, Jasper et al. 2016). Other 
studies concluded that CR TKAs showed better survival rates 
(Abdel et al. 2011, Vertullo et al. 2017). Data from registries 
with high completeness and validity (van Steenbergen et al. 
2015, LROI 2017) could be valuable when they have valid 
classification of the type of design (i.e., CR or PS). We evalu-
ated the 8-year revision rates for all CR and PS TKA systems 
in the Dutch Arthroplasty Register, to determine the associa-
tion between patient characteristics and revision rates, as well 
as the characteristics of these revision procedures. Further-
more, an analysis of the reason for revision is performed.
Patients and methods
Dutch Arthroplasty Register
The Dutch Arthroplasty Register (LROI) is a nationwide popu-
lation-based register that includes information on joint arthro-
Background and purpose — The preference for a cru-
ciate retaining (CR) or posterior stabilized (PS) TKA (total 
knee arthroplasty) system varies greatly between Dutch hos-
pitals, independent of patient characteristics. We examined 
mid-term revision rates for men and women of different age 
categories.
Patients and methods — We included all 133,841 
cemented fixed-bearing primary CR or PS TKAs for osteo-
arthritis reported in the Dutch Arthroplasty Register (LROI) 
in 2007–2016. Revision procedures were defined as minor 
when only insert and/or patella were revised and as major 
when fixed components (tibia and femur) were revised or 
removed. 8-year all-cause revision rates of CR and PS TKAs 
were calculated using competing-risk analyses. Cox-regres-
sion analyses were performed, adjusted for age at surgery, 
sex, ASA -score, and previous operations.
Results — PS TKAs were 1.5 (95% CI 1.4–1.6) times 
more likely to be revised within 8 years of the primary pro-
cedure, compared with CR TKAs. When stratified for sex 
and age category, 8-year revision rate of PS TKAs in men < 
60 years was 13% (CI 11–15), compared to 7.2% (CI 6.1–
8.5) of CR TKAs. Less prominent differences were found 
in older men and women. For men < 60 years differences 
were found for minor (CR 1.8% (CI 1.4-2.5); PS 3.7% (CI 
3.0–4.7)) and major revisions (CR 4.2% (CI 3.3–5.3); PS 
7.0% (CI 5.6–8.7)).
Interpretation — Patients who received a cemented 
fixed-bearing primary PS TKA for osteoarthritis are more 
likely to undergo either a minor or a major revision within 8 
years. This is especially prominent for younger men.
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plasties in the Netherlands since 2007 (van Steenbergen et al. 
2015). The LROI is initiated by the Netherlands Orthopaedic 
Association (NOV). Nearly all Dutch orthopedic surgeons are 
members of this society. The LROI is well supported by these 
members, resulting in a completeness of 99% of primary knee 
arthroplasties and 98% of knee revision arthroplasties and a 
high overall validity in 2016 (LROI 2017).
Data collection
The LROI database contains information on patient, opera-
tion, and prosthesis characteristics (van Steenbergen et al. 
2015). For each component a product number is registered. 
Prosthesis characteristics are derived from an implant library, 
which contains several core characteristics, including name, 
type (e.g., PS or CR TKA) and material of prostheses. These 
data are supplied by implant manufacturers or distributors in 
the Netherlands, resulting in a database containing almost 
36,000 different implant components. If a product number is 
not present in the database when registered by a local hospital, 
the specific manufacturer is contacted to add their data to the 
implant library.
A primary knee arthroplasty is defined as the first implanta-
tion of a prosthesis. Knee revision arthroplasty is defined as any 
exchange (placement, replacement, or removal) of 1 or more 
components of the prosthesis. Revision procedures were catego-
rized as minor if only the patella and insert were revised (exclud-
ing patella additions) and as major when at least the femur or 
tibia component was revised. Patella additions were studied as 
a separate category. Date of death of patients was obtained on 
a regular basis from Vektis, the national insurance database, 
which records vital status of Dutch citizens (Vektis 2017). 
For the present study, we selected all 133,841 cemented 
fixed bearing primary TKAs for osteoarthritis in the period 
2007–2016 with a PS or CR TKA system. Overall physical 
condition was scored using the ASA score (I–IV). The median 
follow-up was 4 years (0–10).
Statistics
Survival time was calculated as the time between primary 
arthroplasty and first revision arthroplasty for any reason 
(Nelissen et al. 1992), death of the patient, or end of the study 
follow-up (January 1, 2017). 8-year all cause crude cumula-
tive incidence of revision of CR and PS TKAs was calculated 
using competing risk analysis, where death was considered to 
be a competing risk (Andersen et al. 2012, Lacny et al. 2015, 
Wongworawat et al. 2015). 
Multivariable Cox regression analyses were performed 
to compare the adjusted revision rates between the types of 
TKA system. Adjustments were made for age at surgery, sex, 
ASA score, and previous operations. Reasons for revision 
were compared between the type of TKA system (PS and CR 
TKA system) using a chi-square test. All statistical analyses 
were done using SPSS version 23.0 (IBM Corp, Armonk, NY, 
USA).
For the 95% confidence intervals (CI), we assumed that the 
number of observed cases followed a Poisson distribution.
Funding and conflicts of interest
This research did not receive any grants.
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Results
Patient characteristics
133,481 cemented fixed-bearing primary TKAs for osteoar-
thritis were registered by 100 hospitals in the period 2007–
2016. Of these TKAs, 45% were a CR and 55% were a PS 
TKA. Patient characteristics were similar between CR and 
PS TKA systems (Table 1). A patellar component was placed 
during the primary procedure in 18% (n = 10,668) of CR 
TKAs and in 29% (n = 20,831) of PS TKAs. The proportion 
of CR TKAs per hospital ranged from 0% to 100%, with 20 
hospitals using CR TKA systems in over 95% of all TKAs 
and 24 hospitals using PS TKA systems in over 95% of cases.
Revision rates
Of all CR TKA systems, 4.2% (CI 4.0–4.4) were revised 
within 8 years, while 6.1% (CI 5.8–6.3) of PS TKAs were 
revised (Figure 1). Of all CR TKA systems 12.7% (CI 12.2–
13.2) of the patients died and in 11.1% (CI 10.6–11.6) of pri-
mary PS TKAs the patients died within 8 years of the primary 
procedure.
Table 1. Patient characteristics of patients who received a cemented 
fixed-bearing primary total knee arthroplasty for osteoarthritis with 
cruciate retaining (CR) or posterior stabilized (PS) knee system in 
the Netherlands in 2007–2016
 CR TKA PS TKA Total
 (n = 60,546) (n = 73,295) (n = 133,841)
Mean age (SD) 69 (9.3)  69 (9.4) 69 (9.3)
Age (%)   
 < 50 2 2 2
  50–59 14 15 15
  60–69 36 36 36
  70–79 35 35 35
  ≥ 80 13 12 12
Sex (%)   
 Male 34 34 34
 Female 66 66 66
ASA score (%)   
 I 19 18 19
 II 67 68 67
 III–IV 14 14 14
Previous surgery a (%)   
 Yes 32 34 33
 No 67 65 66
 Unknown 1 1 1
a Includes meniscectomy, arthroscopy, osteotomy, osteosynthesis, 
ligament reconstruction, synovectomy, and other previous surgery.
TKA: total knee arthroplasty.
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Overall, the risk of a TKA being revised within 8 years after 
the primary procedure strongly depended on age, with TKAs 
in patients under 50 years of age being 2.4 (CI 2.1–2.8) times 
more likely to be revised, compared with TKAs in patients 
aged 60–69 years. TKA systems in patients aged over 80 years 
were half as likely to be revised (HR 0.5; CI 0.5–0.6). Further-
more, TKAs in patients who underwent a previous surgery to 
the same knee were 1.2 (CI 1.1–1.3) times more likely to be 
revised within 8 years (Table 2).
PS TKAs were 1.5 (CI 1.4–1.6) times more likely to be 
revised within 8 years, compared with CR TKA systems 
(Table 3). After excluding revisions for infection, a revision 
was 1.4 (CI 1.3–1.5) times more likely to be performed on a 
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Table 2. Multivariate survival analyses of cemented cruciate retain-
ing (CR) or posterior stabilized (PS) fixed bearing total knee arthro-
plasties for osteoarthritis in the Netherlands in 2007–2016
 Crude model Adjusted model a
 n HRcrude CI HRadj CI
 
TKA system
 CR (ref) 60,546 1.0  1.0 
 PS 73,295 1.4 b 1.4–1.5 1.5 b 1.4–1.6
Age      
 < 50 2,851 2.5 b 2.2–2.9 2.4 b 2.1–2.8
  50–59 19,552 1.6 b 1.4–1.7 1.4 b 1.4–1.7
  60–69 (ref) 47,982 1.0  1.0 
  70–79 46,864 0.8 b 0.7–0.9 0.8 b 0.8–0.9
  ≥ 80 16,368 0.5 b 0.4–0.6 0.5 b 0.5–0.6
Sex      
  Female (ref) 87,660 1.0  1.0 
  Male 45,905 1.1 c 1.0–1.1 1.0 0.9–1.1
ASA score      
  I (ref) 24,298 1.0  1.0 
  II 89,657 0.9 d 0.9–1.0 1.1 c 1.0–1.2
  III–IV 18,164 1.0 0.9–1.1 1.3 b 1.2–1.4
Previous operations e     
  No (ref) 84,447 1.0  1.0 
  Yes 42,503 1.4 b 1.3–1.5 1.2 b 1.1–1.3
TKA: total knee arthroplasty; 
HRcrude: crude hazard ratio; HRadj: adjusted hazard ratio.
a Adjusted for age at surgery, sex, ASA score, and previous operations.
b p < 0.001;  c p = 0.02; d p = 0.04.
e Includes meniscectomy, arthroscopy, osteotomy, osteosynthesis, 
  ligament reconstruction, synovectomy, and other previous surgery.
Table 3. Multivariate survival analyses of cemented fixed bearing 
primary cruciate retaining (CR) or posterior stabilized (PS) total 
knee arthroplasty for osteoarthritis in the Netherlands in 2007–2016
   TKA Primary Revisions Crude model Adjusted model a
 system TKAs (n) (n) HRcrude CI HRadj CI
Any type of revision 
 CR (ref) 60,546 1,718 1.0  1.0 
 PS 73,295 2,659 1.4 b 1.4–1.5 1.5 b 1.4–1.6
Minor revisions c 
 CR (ref) 60,546 333 1.0  1.0 
 PS 73,295 713 2.0 b 1.7–2.2 2.0 b 1.7–2.3
Patella addition d 
 CR (ref) 60,546 402 1.0  1.0 
 PS  73,295 555 1.3 b 1.1–1.5 1.3 b 1.1–1.5
Major revisions e  
 CR (ref) 60,546 911 1.0  1.0 
 PS 73,295 1,238 1.3 b 1.2–1.4 1.3 b 1.2–1.4
For abbreviations, see Table 2
a Adjusted for age at surgery, sex, ASA score, and previous operations.
b p < 0.001.
c Only insert and/or patella exchange (excluding patella addition).
d Only patella addition. A patellar component was placed during the 
   primary procedure of 17.7% (n = 10,668) of cruciate retaining 
   TKAs and of 28.5% (n = 20,831) of posterior stabilized TKAs.
e Revision of at least femur or tibia.
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Figure 3. Cumulative major revision rates of cemented cruciate retaining or posterior stabilized 
fixed bearing total knee arthroplasties for osteoarthritis by type of knee system per age cat-
egory, stratified for sex, in the Netherlands in 2007–2016 (n = 133,841). CR: cruciate retaining 
TKA system; PS: posterior stabilized TKA system
Figure 1. Cumulative revision rates of cemented 
cruciate retaining or posterior stabilized fixed 
bearing total knee arthroplasties for osteoarthri-
tis by type of knee system in the Netherlands in 
2007–2016 (n = 133,841). Dotted lines repre-
sent the 95% confidence interval. 
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primary PS TKA. When stratified for sex and age category, 
the difference in cumulative revision rates was predominant 
for younger males. Of PS TKA systems in males under 60 
years of age, 13% (CI 11–15) were revised within 8 years of 
the primary procedure, compared with 7.2% (CI 6.1–8.5) of 
CR TKA systems. This difference was not present in younger 
females (CR 8.2% (CI 7.2–9.3); PS 9.4% (CI 8.5–11)) (Figure 
2, see Supplementary data). Regarding general health (ASA 
score), the difference in 8-year cumulative revision between 
CR and PS TKA systems was most prominent in patients with 
ASA score II (Table 4, see Supplementary data).
Revision characteristics
Of all primary cemented fixed-bearing CR or PS TKAs for 
osteoarthritis in the period 2007–2016, 4,377 (CR 1,718; PS 
2,659) TKAs were revised within 8 years of the primary pro-
cedure. Of these revisions, 49% were major (CR 53%; PS 
47%) and 24% were minor revisions (CR 19%; PS 27%). Fur-
thermore, 22% of all revisions were a patella addition (CR 
23%; PS 21%).
A minor revision was 2.0 (CI 1.7–2.3) times more likely 
to be performed on a primary PS TKA, compared with a pri-
mary CR TKA within 8 years of the primary procedure. After 
excluding revisions for infection, a minor revision was 1.8 (CI 
1.5–2.1) times more likely to be performed on a primary PS 
TKA. A major revision was 1.3 (CI 1.2–1.4) times more likely 
to be performed on a PS TKA system compared with a CR 
TKA system (Table 3).
When zooming in on patient characteristics, in general, CR 
TKAs had higher revision rates for female patients compared 
with male patients (Table 5, see Supplementary data). Male 
patients who received a PS TKA system significantly more 
often underwent a minor revision procedure (2.0% CI 1.7–
2.3) compared with male patients who received a CR TKA 
system (1.1% CI 0.9–1.3). These results were predominant for 
younger males (PS TKAs 3.7% (CI 3.0–4.7); CR TKAs 1.8% 
(CI 1.4–2.5)). In females, minor revision rates between CR 
and PS TKA systems also differed for younger patients (PS 
TKAs:= 2.7% (CI 2.1–3.4); CR TKAs:= 1.2% (CI 0.9–1.6)). 
This difference was less prominent. Furthermore, major revi-
sions were more common in younger males who received a 
PS TKA system (7.0% CI 5.6–8.7), compared with younger 
males who received a CR TKA system (4.2% CI 3.3–5.3; 
Table 5, see Supplementary data). The differences in revi-
sion rates between CR and PS TKA systems increased as the 
number of years after the primary TKA increased. In females, 
major revision rates between CR and PS TKA systems did not 
differ for patients under 60 years of age (Figure 3).
Reasons for revision
Patellar pain was the most common reason for revision within 
8 years for both CR and PS TKA systems. Reasons for revi-
sion were different for minor compared with major revisions. 
The most common reason for performing a minor revision was 
instability (CR 41%; PS 37%), followed by infection, which 
was more often the reason for minor revisions in PS TKAs, 
compared with CR TKAs. Loosening of the tibial component 
was the most common reason for performing a major revision, 
though it was more common on a PS (41%) compared with a 
CR TKA system (27%; p < 0.001). Furthermore, instability 
was more often a reason for performing a major revision on a 
CR (36%) compared with a PS TKA system (23%; p < 0.001) 
(Table 6, see Supplementary data).
Discussion
Main findings and previous research
We found higher mid-term minor and major revision rates in 
patients with PS TKA systems, especially in males younger 
than 60 years. These results are not in line with several previous 
review studies comparing CR and PS TKA designs (Jacobs et 
al. 2005, Verra et al. 2015, Jasper et al. 2016). Possible reasons 
for this difference might be non-consecutive study series with 
subsequent selection bias, smaller study sizes, and patients 
lost to follow-up in these previous studies, emphasizing the 
importance of analyzing population-based data. However, our 
results confirm results of other previous studies (Abdel et al. 
2011, Vertullo et al. 2017).
As life expectancy is growing and the mean age of patients 
undergoing primary arthroplasty continues to decrease, revi-
sion rate and survival of implants are becoming increasingly 
important (Carr et al. 2012, Pabinger et al. 2013, Hamilton et 
al. 2015, Shah et al. 2017). The number of patients currently 
living with a TKA suggests a large potential revision health-
care burden (Hamilton et al. 2015). International literature has 
shown that revision rates differ for a number of patient char-
acteristics, including age, sex, general health, physical activ-
ity, BMI, and smoking (McCalden et al. 2013, Pabinger et al. 
2013, Apold et al. 2014, Jasper et al. 2016, Kunutsor et al. 
2016, LROI 2017).
Preoperative decision-making is a complex process for both 
the surgeon and patient (Carr et al. 2012). In particular age and 
weight are important indicators for surgery. Patients aged less 
than 55 years or with preoperative morbid obesity have more 
variable outcomes after knee replacement than those older 
than 55 years and those with a lower BMI (Carr et al. 2012). A 
recent study showed that patients aged under 60 years had an 
increased risk for revision of their TKA, with time to revision 
reaching a peak around 5 years after implantation (Bayliss et 
al. 2017). Grade of preoperative radiographic destruction in 
combination with high age have been reported as important 
factors for preoperative decision-making (Verra et al. 2015). 
However, patient characteristics do not appear to be the main 
motive when choosing between a CR and PS TKA system in 
the Netherlands, since large variation is seen between hospi-
tals. In patients with a functional PCL, the decision on which 
design should be used depends largely on the preference and 
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training of the surgeon (Jacobs et al. 2005, van den Boom et al. 
2009). Our study shows, however, that mid-term revision rates 
are higher for PS TKA systems, especially for younger males. 
This implies a need to consider these patient characteristics 
when choosing the type of TKA system.
The incidence of TKA is increasing (LROI 2017), and is 
projected to increase rapidly in the near future (Carr et al. 
2012), particularly in young patients (Kurtz et al. 2009). As 
the number of primary TKAs grows, the number of revisions 
is expected to increase as well (Ethgen et al. 2004, Hamilton 
et al. 2015). Although overall improvement is seen in patients’ 
health and function, outcome of knee revision arthroplasty is 
worse than that of the primary procedure, with even worse 
results for early revisions in young patients (Hardeman et 
al. 2012). Survival rates of revision surgery are consistently 
reported at around 80% at 10 years (Hardeman et al. 2012, 
Hamilton et al. 2015). Younger patients are also more likely to 
undergo a reoperation, without revision of TKA system com-
ponents (Zmistowski et al. 2011). 
Large discrepancies exist between the extensiveness of revi-
sion arthroplasties. The difference in mid-term revision rates 
between CR and PS TKA systems was more prominent for 
minor revisions (i.e., insert or patella revision). This may par-
tially be a consequence of hospital policy or surgeon prefer-
ence. This does not, however, explain the sex difference. For 
either minor or major revisions instability was a frequent 
reason for revision, indicating an important motivation for 
deciding on the preference for CR and PS TKA systems. The 
higher frequency of loosening of the tibial component as a 
reason for major revision in PS TKAs, compared with CR 
TKAs, might possibly be the result of higher shear forces on 
the tibial component in the PS TKA models. Moreover, after 
removing the PCL the flexion gap is usually bigger and inserts 
tend to be slightly thicker in PS models than in CR models, 
which may affect shear forces. However, these are only spec-
ulations as an observational study cannot disclose causative 
mechanisms. The higher frequency of infection as reason for 
revision in PS TKA systems compared with CR TKA systems 
was unexpected. Although types of revisions are considered 
to be small, these findings are of importance for the results 
of TKAs in terms of the risk for complications, the patient’s 
perspective on the results, and health costs.
Strengths and limitations
Using a generic matrix on design features across all implants 
enables analyses of conceptual design issues of implants. With 
the help of the implant library, the register shows which com-
ponent is registered for every reference number. This reduces 
the risk of registration errors. Furthermore, the LROI contains 
a large population-based nationwide database of primary 
TKAs, with a completeness of nearly 100% (van Steenber-
gen et al. 2015, LROI 2016). This is the first study on this 
subject with this many included procedures in the known lit-
erature. Registry studies like this study have the advantage 
of analyzing population-based data, avoiding selection bias, 
and minimizing misclassification error. Nevertheless, registry 
data also have their drawbacks since only limited variables are 
registered and causality cannot be proven due to its observa-
tional nature. Data from registries should accompany prospec-
tive cohort studies like randomized controlled trials, which 
can collect a large number of variables. An analysis of patient 
characteristics determining the choice for a CR or PS TKA 
design would be interesting, but also difficult, if not impossi-
ble, to undertake. The latter stresses even more the importance 
of our conclusions: which TKA, CR or PS, is appropriate for 
a typical patient.
A limitation of this study is that there is probably residual 
confounding due to BMI, Charnley score, and smoking. BMI 
is known to be associated with TKA revision and mortality 
rates (Carr et al. 2012, Hamilton et al. 2015). The same is true 
for the degree of osteoarthritis in lower extremity joints (i.e., 
Charnley score) and smoking. These confounding factors have 
been recorded only since July 2013 and could therefore not be 
included in the present study. Furthermore, a TKA has proven 
to be a successful procedure, resulting in a small proportion 
of revision procedures. Despite the large database of primary 
TKAs, more data are needed to study characteristics of these 
revision procedures in more detail. This study was unable to 
study patient characteristics sufficiently in relation to reasons 
for minor or major revisions by type of TKA system, particu-
larly in younger patients. Infections are only registered in the 
LROI when 1 of the prosthesis components is revised. Further-
more, only (suspected) prosthetic joint infections as reason for 
revision were registered, since this is registered at the time of 
operation and not based on microbiology results. As had been 
shown earlier, implant registries largely underscore prosthetic 
joint infections (Gundtoft et al. 2015). When excluding revi-
sions where infection was registered to be a reason for revi-
sion, however, revision rates were still significantly higher for 
PS TKAs, compared with CR TKAs.
Further research is recommended on the effect of revision 
procedures on the patient’s perspective on the results. Patient-
reported outcome measures are important in the evaluation of 
revisions, since an important indication is pain. Data on pain 
in the postoperative period were not available for our study 
population (LROI 2017). Furthermore, research is warranted 
on high-flexion TKAs as a factor influencing revision rates. 
This prosthesis characteristic could not currently be detected. 
Finally, only 1 prosthesis characteristic was studied, while a 
complex interaction between factors has become increasingly 
evident. An understanding of this interplay between prosthesis 
characteristics on the outcome of TKA survival is needed to 
assist surgeons to optimize outcomes for patients (Carr et al. 
2012).
Summary
Revision rates within 8 years of the primary procedure were 
1.5 times higher for PS TKA compared with CR TKA systems. 
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This was more prominent in male patients under 60 years of 
age. Although this effect was largest in minor revisions, it was 
also found for major revisions. Our data may give guidance 
for surgical decision-making for specific patient groups when 
choosing a CR or PS TKA system.
Supplementary data
Figure 2 and Tables 4–6 are available as supplementary 
data in the online version of this article, http://dx.doi.org/ 
10.1080/17453674.2018.1518570
The authors contributed to: (1) study design and study protocol, (2) gath-
ered data, (3) analyzed data, (4) initial draft, and (5) final draft. AS and LS 
contributed to: 1–5; GD, BS, and RP contributed to: 2, 4, 5; RN contributed 
to: 1, 2, 4, 5.
 
 Acta thanks Asgeir Gudnason and Mika Niemeläinen for help with peer 
review of this study.
 Abdel M P, Morrey M E, Jensen M R, Morrey B F. Increased long-term 
survival of posterior cruciate-retaining versus posterior cruciate-stabilizing 
total knee replacements. J Bone Joint Surg Am 2011; 93(22): 2072-8.
Andersen P K, Geskus R B, de Witte T, Putter H. Competing risks in epidemi-
ology: possibilities and pitfalls. Int J Epidem 2012; 41(3): 861-70.
Apold H, Meyer H E, Nordsletten L, Furnes O, Baste V, Flugsrud G B. Risk 
factors for knee replacement due to primary osteoarthritis, a population 
based, prospective cohort study of 315,495 individuals. BMC Musculoske-
let Disord 2014; 15: 217.
Bayliss L E, Culliford D, Monk A P, Glyn-Jones S, Prieto-Alhambra D, Judge 
A, Cooper C, Carr A J, Arden N K, Beard D J, Price A J. The effect of 
patient age at intervention on risk of implant revision after total replace-
ment of the hip or knee: a population-based cohort study. Lancet 2017; 
389(10077): 1424-30.
Carr A J, Robertsson O, Graves S, Price A J, Arden N K, Judge A, Beard D J. 
Knee replacement. Lancet 2012; 379(9823): 1331-40.
Ethgen O, Bruyere O, Richy F, Dardennes C, Reginster J Y. Health-related 
quality of life in total hip and total knee arthroplasty: a qualitative and 
systematic review of the literature. J Bone Joint Surg Am 2004; 86-A(5): 
963-74.
Gundtoft P H, Overgaard S, Schønheyder H C, Møller J K, Kjærsgaard-
Andersen P, Pedersen A B. The “true” incidence of surgically treated deep 
prosthetic joint infection after 32,896 primary total hip arthroplasties: a 
prospective cohort study. Acta Orthop 2015; 86(3): 326-34.
Hamilton D F, Howie C R, Burnett R, Simpson A H, Patton J T. Dealing with 
the predicted increase in demand for revision total knee arthroplasty: chal-
lenges, risks and opportunities. Bone Joint J 2015; 97-B(6): 723-8.
Hardeman F, Londers J, Favril A, Witvrouw E, Bellemans J, Victor J. Predis-
posing factors which are relevant for the clinical outcome after revision 
total knee arthroplasty. KSSTA 2012; 20(6): 1049-56.
Jacobs W C, Clement D J, Wymenga A B. Retention versus removal of the 
posterior cruciate ligament in total knee replacement: a systematic liter-
ature review within the Cochrane framework. Acta Orthop 2005; 76(6): 
757-68.
Jasper L L, Jones C A, Mollins J, Pohar S L, Beaupre L A. Risk factors for 
revision of total knee arthroplasty: a scoping review. BMC Musculoskelet 
Disord 2016; 17: 182.
Kunutsor S K, Whitehouse M R, Blom A W, Beswick A D. Patient-related 
risk factors for periprosthetic joint infection after total joint arthroplasty: 
a systematic review and meta-analysis. PloS One 2016; 11(3): e0150866.
Kurtz S M, Lau E, Ong K, Zhao K, Kelly M, Bozic K J. Future young patient 
demand for primary and revision joint replacement: national projections 
from 2010 to 2030. Clin Orthop Rel Res 2009; 467(10): 2606-12.
Lacny S, Wilson T, Clement F, Roberts D J, Faris P D, Ghali W A, Marshall 
D A. Kaplan–Meier survival analysis overestimates the risk of revision 
arthroplasty: a meta-analysis. Clin Orthop Rel Res 2015; 473(11): 3431-
42.
LROI. LROI Report. 2016: Blik op Uitkomsten [in Dutch]. In: http://wwwl-
roi-rapportagenl/2016 accessed 10-02-2018 (Eds. Spekenbrink-Spooren A, 
Van Steenbergen L N, Denissen G A W, Rijnsburger E, Van der Togt C R); 
2016.
LROI. LROI Report. 2017 (Eds. Spekenbrink-Spooren A, Van Steenbergen L 
N, Denissen G A W, Rijnsburger E, Van der Togt C R); 2017. http://www.
lroi-rapportage.nl/2017.
McCalden R W, Robert C E, Howard J L, Naudie D D, McAuley J P, Mac-
Donald S J. Comparison of outcomes and survivorship between patients 
of different age groups following TKA. J Arthroplasty 2013; 28(8 Suppl): 
83-6.
Nelissen R G, Brand R, Rozing P M. Survivorship analysis in total condylar 
knee arthroplasty. A statistical review. J Bone Joint Surg Am 1992; 74(3): 
383-9.
Pabinger C, Berghold A, Boehler N, Labek G. Revision rates after knee 
replacement: cumulative results from worldwide clinical studies versus 
joint registers. Osteoarthritis Cartilage. 2013;21(2):263-8.
Shah S H, Schwartz B E, Schwartz A R, Goldberg B A, Chmell SJ. Total knee 
arthroplasty in the younger patient. J Knee Surg 2017; 30(6): 555-9.
van den Boom L G, Brouwer R W, van den Akker-Scheek I, Bulstra S K, van 
Raaij J J. Retention of the posterior cruciate ligament versus the posterior 
stabilized design in total knee arthroplasty: a prospective randomized con-
trolled clinical trial. BMC Musculoskelet Disord 2009; 10: 119.
van Steenbergen L N, Denissen G A, Spooren A, van Rooden S M, van 
Oosterhout F J, Morrenhof J W, Nelissen R G. More than 95% complete-
ness of reported procedures in the population-based Dutch Arthroplasty 
Register. Acta Orthop 2015; 86(4): 498-505.
Vektis. http://www.vektis.nl. 2017.
Verra W C, Boom L G, Jacobs W C, Schoones J W, Wymenga A B, Nelissen 
R G. Similar outcome after retention or sacrifice of the posterior cruciate 
ligament in total knee arthroplasty. Acta Orthop 2015; 86(2): 195-201.
Vertullo C J, Lewis P L, Lorimer M, Graves S E. The effect on long-term 
survivorship of surgeon preference for posterior-stabilized or minimally 
stabilized total knee replacement: an analysis of 63,416 prostheses from the 
Australian Orthopaedic Association National Joint Replacement Registry. J 
Bone Joint Surg Am. 2017;99(13):1129-39.
Wongworawat M D, Dobbs M B, Gebhardt M C, Gioe T J, Leopold S S, 
Manner P A, Rimnac C M, Porcher R. Editorial: Estimating survivorship 
in the face of competing risks. Clin Orthop Rel Res 2015; 473(4): 1173-6.
Zmistowski B, Restrepo C, Kahl L K, Parvizi J, Sharkey P F. Incidence and 
reasons for nonrevision reoperation after total knee arthroplasty. Clin 
Orthop Rel Res 2011; 469(1): 138-45.
Supplementary data (646/2)  Acta Orthopaedica 2018; 89 (DOI: 10.1080/17453674.2018.1518570)
Supplementary data
Table 4. Cumulative 8-year revision rates of cemented fixed bear-
ing total knee arthroplasties for osteoarthritis with cruciate retaining 
(CR) or posterior stabilized (PS) knee system, stratified for sex, age, 
and ASA score, in the Netherlands in 2007–2016 (n = 133,841)
 
 CR TKA system PS TKA system
Sex, age  8-year revision  8-year revision 
 ASA-score n rate (%) (CI) n rate (%) (CI)
Male, < 60 years 
 ASA I  1,561 7.2 (5.6–9.2) a 1,753 12.1 (9.8–15.0) a
 ASA II  2,105 7.8 (6.0–10.3) a 2,605 14.4 (11.4–18.1) a
 ASA III–IV 236 6.1 (3.3–11.3) 347 13.0 (7.7–22.2)
 Total  4,015 7.2 (6.1–8.5) a 4,842 12.7 (11.1–14.5) a
Male, 60–69 years 
 ASA I  1,975 2.7 (2.0–3.7) a 2,161 5.6 (4.4–7.2) a
 ASA II  5,127 4.3 (3.5–5.2) a 6,408 6.5 (5.6–7.7) a
 ASA III–IV 890 4.9 (3.3–7.5) 1,057 7.6 (5.5–10.6)
 Total  8,193 4.0 (3.4–4.7) a 9,835 6.3 (5.6–7.1) a
Male, ≥ 70 years
 ASA I 1,091 3.4 (2.0–5.6) 1,310 5.5 (4.1–7.5)
 ASA II 5,766 2.3 (1.9–2.9) 6,765 3.4 (2.8–4.2)
 ASA III–IV 1,546 2.2 (1.5–3.4) 2,034 4.0 (2.9–5.5)
 Total  8,621 2.6 (2.2–3.2) a 10,365 4.0 (3.4–4.6) a
Female, < 60 years 
 ASA I 1,717 8.3 (6.7–10.4) 2,124 8.7 (7.1–10.7)
 ASA II 3,444 7.5 (6.3–8.9) 4,579 9.6 (8.3–11.0)
 ASA III–IV 533 8.9 (4.4–18.1) 728 11.9 (8.7–16.4)
 Total 5,876 8.2 (7.2–9.3) 7,648 9.4 (8.5–10.5)
Female, 60–69 years 
 ASA I 2,690 5.7 (4.6–7.2) 3,070 5.4 (4.2–7.0)
 ASA II  9,030 4.0 (3.5–4.7) a 11,011 7.2 (6.2–8.3) a
 ASA III–IV 1,410 5.9 (4.3–8.1) 1,916 7.9 (6.0–10.5)
 Total 13,499 4.7 (4.2–5.3) 16,400 6.6 (6.0–7.3)
Female, ≥ 70 years 
 ASA I  2,259 2.0 (1.4–2.8) a 2,524 4.4 (3.5–5.6) a
 ASA II  14,016 3.0 (2.7–3.5) a 16,562 4.0 (3.6–4.5) a
 ASA III–IV 3,280 3.1 (2.4–4.0) 4,120 3.8 (3.0–4.7)
 Total  20,187 2.9 (2.6–3.3) a 23,984 4.0 (3.6–4.3) a
TKA: total knee arthroplasty.
a p < 0.05 for PS compared with CR TKAs.
Table 5. Cumulative minor and major 8-year revision rates of 
cemented fixed bearing total knee arthroplasties for osteoarthritis 
by type of TKA system, stratified for sex and age, in the Netherlands 
in 2007–2016 (n = 133,841)
 
Type of CR TKA system PS TKA system
revision, sex  8-year revision  8-year revision 
 Age, years n rate (%) (CI) n rate (%) (CI)
Minor (only insert and/or patella exchange a)
   Male 
 < 60  4,015 1.8 (1.4–2.5) b 4,842 3.7 (3.0–4.7) b
 60–69 8,193 1.1 (0.8–1.5) 9,835 1.8 (1.4–2.2)
 ≥ 70 8,624 0.7 (0.4–1.2) 10,365 1.3 (1.0–1.7)
 Total  20,844 1.1 (0.9–1.3) b 25,061 2.0 (1.7–2.3) b
   Female 
 < 60  5,876 1.2 (0.9–1.6) b 7,648 2.7 (2.1–3.4) b
 60–69 13,499 0.8 (0.6–1.1)  16,400 1.2 (0.9–1.5)
 ≥ 70  20,187 0.4 (0.3–0.6) b 23,984 0.8 (0.7–1.0) b
 Total  39,596 0.7 (0.6–0.8) b 48,064 1.3 (1.1–1.4) b
Major (including femur or tibia) 
   Male 
 < 60  4,015 4.2 (3.3–5.3) b 4,842 7.0 (5.6–8.7) b
 60–69  8,193 2.0 (1.6–2.5) b 9,835 3.3 (2.7–3.9) b
 ≥ 70 8,624 1.1 (0.9–1.5) 10,365 1.5 (1.2–2.0)
 Total  20,844 2.1 (1.8–2.4) b 25,061 3.4 (3.0–3.8) b
   Female 
 < 60 5,876 5.2 (4.4–6.2) 7,648 4.7 (4.0–5.5)
 60–69  13,499 2.6 (2.2–3.1) b 16,400 3.8 (3.3–4.4) b
 ≥ 70 20,187 1.7 (1.5–2.0) 23,984 2.0 (1.8–2.3)
 Total  39,596 2.5 (2.3–2.7) b 48,064 3.0 (2.8–3.3) b
a Excluding patella addition.
b p < 0.05 for PS compared with CR TKAs.
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Figure 2. Cumulative revision rates of cemented cruciate retaining or posterior stabilized fixed bearing total knee 
arthroplasties for osteoarthritis by type of knee system per age category, stratified for sex, in the Netherlands in 
2007–2016 (n = 133,841). CR: cruciate retaining TKA system; PS: posterior stabilized TKA system.
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Table 6. Reasons for minor or major revisions of cruciate retaining and posterior stabilized cemented fixed bearing TKA systems for 
osteoarthritis in the Netherlands in 2007–2016
 Minor revision a (n = 1,046) Major revision b (n = 2,149) Any revision c (n = 4,377)
 CR (n = 333)  PS (n = 713) CR (n = 911)  PS (n = 1,238) CR (n = 1,718)  PS (n = 2,659)
Reason for revision n   (%) n   (%) n   (%) n   (%) n   (%) n   (%)
Patellar pain 102  (30.6) 18  (26.2) 84  (9.2) 145  (11.7) 549  (32.0) 842  (31.7)
Instability 138  (41.4) 263  (36.9) 327  (35.9) 284  (22.9) g, h 477  (27.8) 567  (21.3) g, h
Loosening tibial component 0  (0.0) 3  (0.4) 242  (26.6) 505  (40.8) g, h 243  (14.1) 513  (19.3) g, h
Infection 67  (20.1) 207  (29.0) f 161  (17.7) 252  (20.4) 244  (14.2) 499  (18.8) g, h
Malalignment 6  (1.8) 11  (1.5) 254  (27.9) 371  (30.0) 265  (15.4) 387  (14.6)
Loosening femoral component 1  (0.3) 1  (0.1) 78  (8.6) 117  (9.5) 80  (4.7) 119  (4.5)
Arthrofibrosis 20  (6.0) 30  (4.2) 32  (3.5) 55  (4.4) 61  (3.6) 93  (3.5)
Revision after removal 0  (0.0) 1  (0.1) 48  (5.3) 97  (7.8) e 48  (2.8) 98  (3.7)
Patellar dislocation 10  (3.0) 15  (2.1) 37  (4.1) 30  (2.4) e 74  (4.3) 71  (2.7) e
Wear of inlay 18  (5.4) 33  (4.6) 18  (2.0) 25  (2.0) 37  (2.2) 61  (2.3)
Periprosthetic fracture 0  (0.0) 6  (0.8) 21  (2.3) 69  (5.6) f 21  (1.2) 75  (2.8) f
Loosening patellar component 10  (3.0) 14  (2.0) 6  (0.7) 9  (0.7) 20  (1.2) 31  (1.2)
Other reason for revision 53  (15.6) 118  (15.3) 112  (12.3) 122  (9.9) d 219  (12.7) 315  (11.8)
a Only insert and/or patella exchange (excluding patella addition).
b Revision of at least femur or tibia.
c Any type of revision, including patella addition (CR n = 402; PS n = 555). A patellar component was placed during the primary proce-
   dure of 17.7% (n = 10,668) of cruciate retaining TKAs and of 28.5% (n = 20.831) of posterior stabilized TKAs.
d p = 0.03
e p = 0.01
f p = 0.001
g p < 0.001 
h Categories differ significantly for PS compared with CR TKAs after applying a Bonferroni correction (p = 0.05/39=0.001).
